PATENT 

Atty. Docket No. 678-1233 (P11169) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT(S): 
SERIAL NO.: 
FILED: 
FOR: 



Lee et al. 

not yet assigned 

concurrent herewith 



DATED: January 12, 2004 



METHOD AND APPARATUS FOR ESTIMATING A 
SIGNAL SEQUENCE IN A MIMO-OFDM MOBILE 
COMMUNICATION SYSTEM 



Mail Stop Patent Application 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



TRANSMITTAL OF PRIORITY DOCUMENT 



Sir: 



Enclosed is a certified copy of Korean Patent Appln. No. 25146 
filed on April 21. 2003 . from which priority is claimed under 35 U.S.C. §119. 



Respectfully submitted, 




DILWORTH & BARRESE, LLP 
333 Earle Ovington Blvd. 
Uniondale, NY 11553 
(516) 228-8484 



Paul J. 
Reg. No v 33,494 
Attorney for Applicant(s) 



CERTIFICATION UNDER 37 C.F.R. 1.10 



I hereby certify that this New Application Transmittal and the documents referred to as enclosed therein are being deposited with the 
United States Postal Service in an envelope as "Express Mail Post Office to Addressee" Mail Label Number EV333228916US 
addressed to: Mail Stop Patent Application, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on the date listed 
below. 



Dated: January 12, 2004 





This is to certify that the following application annexed hereto 
is a true copy from the records of the Korean Intellectual 
Property Office. 

* oj Hj — . 10-2003-0025146 
Application Number 

§ i ^ i i : 2003^ 0411 21 SJ 
Date of Application APR 21 , 2003 



m m oj : ^STT^UAI- 2| is 
Applicant(s) SAMSUNG ELECTRONICS CO., LTD., et al. 




1020030015735 



M 2003/12/1 



[AHHS1 

[?a2iei(gf£e!)i 

[£JS°1 01(0^01)] 
[§§!£J3E] 

[A^2| SA|] 

I Ah2d °| SA|] 

[»S2| SS] 
[A^2J fiAll 

[iisis] 

[»S2| SSI 
[A^£J SA|] 



2003.09.17 

ft A|- 

1- 1998-104271-3 

XH 21 AH #CH mim^^^ ^ XH E+ 

2- 2003-007067-6 

9- 1998-000339-8 
2003-001449-1 
2003-031178-4 

10- 2003-0015735 
2003.03.13 

g<MA|^g2J HH^ §X| S 

10-2003-0018433 

2003.03.25 

2003.03.25 

10-2003-0025146 
2003.04.21 

□aat^ 5ii?n^^ta§^ oiss^i Ai^g 

Oil AH 2J <Ms Al^ SI §xl 

10-2003-0033460 
2003.05.26 



2-1 



1020030015735 gJXh 2003/12/1 

[£WS^SXU 2003.05.26 

[§*92| gS] CHIO I El g<M Al^gOUH 2£ X|£g sl^sFSPI 

?ie* sxi ^ &g 

[mm mm^ M38^ium- ^s^e^g *h2os-°j§s xii 

24^ gj ^ss 211122 «n»£i ^§0II °J 61-01 ?m 

012^ (oi) 
[4=^S] 52,000 ?! 

[§^ah=] 1. g,*£g_is 2.ej^esAH_ie 



c 



2-2 



/ 



1020030025146 



^ «J*>: 2003/12/1 



[SSI 

[§S2!3E] 
[A^2| SA|] 

AHf|] 

last ahm 



§ Ail ah m S3 AH 
2003.09.17 

1- 1998-104271-3 

xHBsei ah scHafH^afa m m & 

2- 2003-007067-6 

9- 1998-000339-8 
2003-001449-1 
2003-031178-4 

10- 2003-0025146 
2003.04.21 

oacn» ^j^n^ssoesi- oiss<m ai^u 

CHI AH °| <M S Ali^ «TS ^ §£l 

1-1-2003-0140329-51 

2003.04.21 

SAIIAHe 

^X|£1 

^ XI SI Hg 

^SAIt!^*] X1I13S- ^S^&hSAIS^^I X1I8^°J 

s onsimoi ^i2i » oi Jiimmuo. cubiqi 

012^ (oj) 



7-1 



1020030025146 



mxi: 2003/12/1 



[fiiS] 0 S 

[^^AH^?g] 0 & 

PIEf 0 S! 

refill o a 



7-2 



1020030025146 #^ 2003/12/1 

[iL^tfl^s.] Ai^jr 38 

2] 

[^-^cfl^^-] ^t^JL 58 

o] ufl, *-[*f.*r.-*J]^. *j.q.<j] STBC-OFDM JfJL flE/fl HH^i ^ 

[H^nfl^ 1 -^] ^t^J: 62 
33 

[J±3^-§-] 

HZ\JL, #7] <^*j-^ 10>^H *~^r ^r^l^ls( • v -)^ i«i*fl A] ^ 

s>7] i3>2f ^-o] 



7-3 



1020030025146 #^ 2003/12/1 

[Jt^tfl^s-] ^1^1 136 

*S1( jR ")o1 *"]^ nfl ; 5>7l <^^] 32>4 £o) S^^cf. 

[i^nfl^Hl^-] ^t^J: 139 

33] 

) - 



(n;(l,l) mj(l,2) - m%L) 
mK2,l) "4(2,2) •■• mj(2,i) 



m;(i,2) •• «4{Z.,i). 

[ti^cfl^j-^-] ^^t«ls 148 
[iL^^l 33 

£ ll£- *fl 2*H°jH 4^ OFDM ^l^eflo) ^a]o> 

7HH 1110 i4)*l 1150 7] cfl ^(Expectation) ^-Bj-tflji, H60 vfl3 H80 

£3]^ ^cflsKMaximization) M-E^tf. 

7-4 



1020030025146 
[J±^tH-S-^-=-] ^wjjr 151 



#^ 2003/12/1 



[iL^cfl^] ^hIJl 165 
[Ji^tfl^s.] 8 

K,,.=(F''F + aX-. , .)~' 

<*}7H, ^^^-g-^-Sl ^Jg-XV 14^. 

[iL^tfl^s.] 16 

^ ^|-7l ^*Alofl ^^-.fi- ^10 £ ^ Aj-7] 



1020030025146 



#^ 2003/12/1 



<*7}*\, R£r ^fl^^-g-^ 



[5L 2] 
201 



-210 



FFT 



2 °\ ^ 

1 FFT 



203 V _<* 

^ 1 FFT 



j: 



230 



STBC 



220 



2=;j|x|*g ¥ 



qioiei &g 



S7 



1020030025146 



% <a^>: 2003/12/1 



IS. 3] 



CO 
CO 



CO CO 

no 



FFT 


CO 


FFT 


CO 


m 






no 










una 



7-7 



r 

1020030025146 #^ 2003/12/1 

[g^gjs] 0004 
[XIISSJXU 2003.04.21 
[^Xll^d^fl] H04L 

ss] Qgjpi^ ^B^H^M&aesi- oies^i ai^£joiiah°i <ms 

S^SS] SEQUENCE ESTIMATING METHOD AND DEVICE IN Ml MO OFDM 

COMMUNICATION SYSTEM 

[§g|0|] 

ISS] ^^2X1- ^£1 Al- 

[ii^SE] 1-1998-104271-3 

. 012^ 

[ PI £1 oi 3 H ] 9-1 998-000339-8 

[51^1 gm^emi 2003-001449-1 

[£JS°I ^S^|] 0IM 

S^S^I] LEE, Jong Ho 

760613-1657011 
[^^ej^l 151-762 

AHS^^AI Mai2§ =OFOm^ 108M 803s 

[^3] KR 

[£§2J S^H^I] CHUNG. Jae Hak 

I^&Je^yS] 640822-1047624 

137-771 

AHg^^AI M^=? M^m ^JPHOHIFM 1= 403 <£ 
[^1 KR 



58-1 



'1020030025146 

[^] 
[^] 

[g*axu 
[^a°j s^s^u 

[^^] 
[»axn 



SI}: 2003/12/1 



HWANG , Chan Soo 
750704-1162416 
449-905 

ipie §2jai D\mm stfDH om^ 303^ 170 

KR 

CD O iZT 

NAM.Seung Hoon 
771003-1055625 
158-070 

/HS^SAI °*m=? <M§if§ = = 0^M 1022-504 
KR 

KWAK.Do Young 

760120-1094316 

151-849 

AHe^^Ai m^=? mmm 1679-18(201 s) 

KR 

HAN.Jae Choong 
660706-1068511 
442-727 

3 ^€!A| m^=? g§§ ^U?^ Ajoh o\u[m 533-1401 

KR 

KIM.Seong Cheol 
610516-1691416 

58-2 



1020030025146 Ulh 2003/12/1 



[i^l] 



156-095 

AHS^^AI 1 139&! XI LG OIHfM 101-504 

KR 

^sis xii42S2j ^goii simof °i si aoi SSI^LI CK CH £| ej 

013^ (oi) 



20 3 
43 £ 
0 2 

o m 

72,000 



29,000 S 
43,000 S 
0 S 
0 B 



58-3 



1020030025146 #^ ^7}: 2003/12/1 
^-^Cf#^(MIM0) OFDM ^fA] A^eAo) a] a o]j Aj qam ^S^Jl STBC 

^ ^fl^t ^^1^^ M ^*Rr A oM 2:71 Al^i ^^^14 

^1^1^^ ^fl-^ ^-g- *-g-SH ^>7l A]^ ^Rr -4^4, A oM ^>7l A]^ ^ 

¥*Rr ^ 3 ^71 ^>7l ^^71- ^O.S # 

71 ^£ ^7] A]^ A]^ l^Kr i^-^-i- ^^-S. tb 

£ 4 

OFDM, MIM0, STBC, QAM, IFFT, FFT, -^^s}-, EM, MMSE, ML 



58-4 



1020030025146 #^ 2003/12/1 

{SEQUENCE ESTIMATING METHOD AND DEVICE IN MIMO OFDM COMMUNICATION SYSTEM} 

5L l^r ^^^^ MIMO Zlja^Sf^^^cf^S}- ^Al Al^Eflo) 7 fl^£, 

£ 2^ ^^oi MIMO ^^^^^n ^ Al^tflo) 7 fl2*£, 

51 3£r *fl I^aHH 43 MIMQ ^j^^u.^^ ^a] Aj^efl c^^v 

£ 4^ ^ ^-^^ l^Al^ofl aj-e}- cf^cf#^ OFDM ^a^o] ^^0^ QAM 

£ 5^ 27fl£] #4] °J:^u(-sf lyfl^ ^ai oHflq-ofl tfl^- Rate 1^1 ^1^-^ -g-iL Jf jr-i- o] 

^ofl a. ^ lAjAl^ofl rcj-s BER ^-1- 51*1 1!: £^(16-QAM, r -=0.005) , 

51 6-Br 37fl^ ^A] ofEfluffi]- I7fl 3] ^0 ^Efl^cHl cfl *V Rate 3/40] « «if 

°l-§-tb -g- *1] 1^*HH tc)-s BER Aj^g. £ ^(i 6 - QAM) ^ r ^o.005), 

£ 7^ 47flS] ^a] olEflq-fil- 1711^1 ^ai o>Bfl u^ofl cllfl Rate 3/4^1 « 
°l-§-«- ^-°-^l 1^7.H]oil 14^ BER ^^-g- 51^ £^(16-QAM, ^^=0.005), 



58-5 



1020030025146 #^ 2003/12/1 

£ 8^ 27fl2] ^a] oVEim-fif I7fl2l ^a] o> El] x4ofl tfl1* Rate 1^1 M °1 

^^21 l^AHlofl 14s MSE ^^-°r S7.lt!- S^, 
S. 9-g: 471121 ^a} o> Ell 1404. 171121 ^aJ 91e11lH cfl ^ Rat e 3/4^1 Al^-^V ^-s. «- Jr-^ 

£ ^2} *fl l^AHlofl ttj-s. MSE £7.1 
£ 10£- ^^21 ^ 2-^^HHl ^^sHr^^S}- *r*J £^ 

£ ll^r ^21 2^7.HH1 tcfel- cfoj^^ OFDM ^Eflo} ^q.^ ^ a] o> 31140)1 
QAM ^3:2] ol Aljroj Al^-I- ^*Kr « 0 V^^ 5L Al 5:^ 

£ 12^ 16-QAM21 ^-2.oll a. ^ 2^aH1cH1 nfs. ^a]a1jt ^ BER 

* SLAltb JE^, 

£ 13^r 64-QAM21 ^-fofl ^. wVrgo] ^ 2417.HH1 rcf^. ^aJajj: « 0 >^2l BER ^ 

# £Altb 

£ 14^ -g- ^21 2^aH1^ tiV^^oil 4= MSE 711 ^ -£^1*> 5L^, 

£ 15^r -g- ^21 2^aH12| tiV^^o]! 4= ig^ MSE 7^ a^^ £ ^ *V je^ . 



[^•^21 a o >4*v ^] 
[^21 42-*}] 

I^tt ^S^^^^^^^rSKOrthogonal Frequency Division Multiplexing, °1^> 
'OFDM'ole^ ^l^-) « 0 VAio] ol^-f-AiAl^efloil sj-t-V ^o.S^, ^1 ^^^i£(Quadrature 



58-6 



m 

'1020030025146 <&A- 2003/12/1 

Amplitude Modualtion: ©1*} ' QAM 1 °1 2} ^%)$\5L ^-^(Space-Time Block Code: 

°)*} 'STBC'ole} ^^-)5|-E)<H €^3^ OFDM tfl^ a]^ ^" 0 v, ?H ^tr 

<"> ^T-fl 3>fltfl a>-§-§>ji CDMA Sl'fclM^S.fe ^41 cflo] 

^El2fli(multi-path) *fl!i<*1M tfl-g-^ dHEi 7>^>7fl OFDM A]>^fl 

<18> ^ti>^ OFDM «<H=HH^ 3H3» ^^f-ofl <&o] 43 -^-^5)- 

( sub-car rierHl M-^fH ^, ^-^ ^(sub-channel ^^=14. °ls1tr 

, OFDM y o v ^ Aj-jr 31 m^^- a^ f^sM 5>M 

Jl^oI #JL, OFDM ^4^7} ^ZL^ ^(Inverse Fast Fourier Transform, "IFFT 

"5f W)2f ^ ^?r(Fast Fourier Transform, °]*> "FFT"&r ^)°H ^*fl ^£)7] 

^ tfl^fl 7^€fl ^7fl ^ ^4 IEEE 802.11a, IEEE 802.16a ^ IEEE 

802.16b ^ cfl-g-^ -*Hd #41 Aj^o] fr^-^-S *I]^£H oi fe Jl^^ c-flojEi x^ofl 

a}6\) olEfl^l- ^r-g-*}^ cf^cf^^ (Multi-Input Multi-Output: 'MIMO's} ^ 

f-) Aj^eflofl cfltl 9j^7> ^SlJl&cf. °l#^*fl decoding) 43 °] ^^AS 4 
#*r*l ^ 1-^ -¥-S(STBC)7> ^-^ji ^Jcf. 
<19> £ 1^ ^aV^^l MIM0 ^^sHr^-W-^s}- ^41 a] 7fl^£o]cf. £ l-g- 

nfl ^S. Af-g-s]^ *<H^ QPSK(Quadrature Phase Shift Keying: o]*> 'QPSK'ola}- ^l^-), 

58-7 



^1020030025146 %^ <Q.x\: 2003/12/1 

16-QAM, 64-QAM -§-°l &cf. o}&\- £o] *l*?l-M- J r i :M (STBC ^-3L7] )(110)°fl 

°^S\o] l-S-^-s^c}. A oM Al^-^s.«-s7l(STBC ^-Jl7l)(110)^ 

IFFT^«:7](120, 121, ...,122 HI SJ^^M IFFT <3*V£|<H OFDM ^IJlS. ^^nf. ^] 4 1 , 
OFDM 4^ ^«?>^m(130, 131, 132)1- -§-*H ^1^. 

<20> £ 2^r ^^-^^ MIMO ^JH^sJ-^W^S}- ^ Aj^Eflo] 7 fl^£olcf. £ 21- 

^, ^^>^1M-(201, 202 203H ^1^^ FFT^^:7l(210, 211, ...,212)<H] 

FFT <3^€i}. ^-^31 3# ^ ^71*1 ^Jf( 2 20Hl^ a o v 7 ] FFT o^av^ Al^s 

Z^o} OFDM ^ISofl tLtiV^^^ ^7]^ Ol-g-^c^ ^ ^ 

^3*1* ZL^Jl, ^-71 FFT^«:7l(210, 211 212) ^ BpaJ^i ^# ^ 3:71*1 ^ 

^-(250)^1 #^£r ^^^1:^-4^71 (STBC 4JL7l)(230H ^ ^Ix!- 

<21> olsq- OFDM «o V ^HH ^^IJLSl afl^ ^ ^SL3.±r, 7>^-£ 

(Deterministic Maximum Likelihood: °1 sr> 'Deterministic ML' 0 l&r 31 tr) ^o 1 "^ 51 !- ^ 

^- .^(Minimum Mean Square Error: °}*\ 'MMSE'^ ^1^-) ^^« c >^ f-o} ojtf. 
<22> ^7H1a^| Deterministic ML ^ ^Vt^ ^3-§-#°l unknown ^ 

^(deterministic)^ 2} Jl 7V^sr>^^i ML(Maximum Likelihood) M*|-S- ^^-^.S.^ 

^*Rr ^^l^r. ^.&m-, Deterministic ML y <^-8: ^*1Jl£1 5U 

^fl^o} o]*} ^i(prior information)!- °l-g-*}*l &7l nfl^-ofl ^^-£ 7 > ^cf^ ^-^V 
«V^^ MMSE ^ y o v ^^ *BM ^-g-^°l (random) olel-ji 7H3S>JL, ^ ^ 

-2.-ff(error)^ afl^ol 3j^7 r £l£4 *Rr3l *fl^-§: -f^SRr « 0 V ^°1^. ^IM- 



58-8 



< 1020030025146 ^ QA- 2003/12/1 

, MMSE ^ «o v ^^r ^l^o} *flv|^,g- ^ s-^ofl cfltl: ^3] SNRCSignal 

to Noise Ratio) f-* |M sj-^S. ^^ea o_^_ ^^^V^lofl o^r}^ &z\]7} 

J> ^ ^Ef#3(MIM0) OFDM ^^o} ^Ai^oflAi, QAM 



^■^i ^ ^Hfl 71^^ ^^-§- Sfl^M ^ SL?A^ ^ol^ 

#^(MIM0) OFDM Al^Eflo] ^Ai^ofl>| QAM ^SS]JL STBC ^-Ssl-sH ^IJL* 

(Expectat ion-Maximization: 'EM'^e}- 7lw><2l °}-%-^}:^-. 

A o V 7l ^JH^^y^-q.-s}. Al^ofl i^S} 40^5, «La_V^S|-l- 



58-9 



^1020030025146 H*}: 2003/12/1 

<28> 2:71 A]^i ^^1<4 ^-71 ^-<0^!Jl£] ^5}-^ ^-&*}<^ *>7l X| ^ ^ 

<29> ^-71 ^>7l A]^ ^^^11- ^<5Rr ^t^Sl ^7} ^|-7l A] ^ ^ 7 > 

<30> S>7HH ^Vtg o. ^^^-ofl *Xo] 7l^ ^ofl cfl*V ^j^O] ^tgo] 

#*34 iL*l« 1-^^1-711 *H ^ sZtfji ##£j*r n <$MI^ ii^-g- ^ 

£-g-*>3 SE^ #afl ^-ofl nj-ej- ^ o^cf. neiJEJiL zl ^ 

<31> 1^AH1> 

<32> ^ «V^o} ^ l^Aja^ ^. y] t= 30] ^ o] ^AHH ^ t^-Oj ^ ^ ( MIM0 ) OFDM 

Al^E^o^ ^Aj^oflA^ QAM ^2:5] JL STBC -"MlS^ ^ ^JJl^ A]^^ ^ 

(Expectation-Maximization: ' EM ' °1 5} ^fl-) 7l«>S) ^3 H o Vl t!^r °l-§-^i=f. °1 , 

A o V 7l EM 7l aj-o) o. ol-g-^c^ A]jr Aj^^l- 



58-10 



m 

1020030025146 



^ ^7}: 2003/12/1 



<33> £ I^a]^^. ^*}7] cfoj4#^(MIM0) OFDM °l^f-*! X\^« 

a) ^Al^^A^ qam ^2:5] Jl STBC -¥-^^-5)^ ^liL^l tfl*H EM 7l*V^ «>^3 ^ 

< 34 > ^EflM-^ 7fl^l- N, ^4! ^tflM-^ 7fl^# M, ^ -EL (code word)^ 

# Lo)Z\-Jl *}JL, OFDM -"aV^sj-oj 7 fl^^- ^ t£ S ofl o]-g-^ ^LaV^s}-^ 7 fl^l- 
P=2AT a+ l ( ^ a=int[N (i-cx)/2]olji > int( )^ « iflJjS- ^2)-^ M-EJ-^H 

5|ZL *h ufl, p«i^ cflolBl = -»,(->).',(ol»,0V .^J^ [■ tf)E^ 

# *>7) <^n+\ 1>4 ^-o] S^^Cf. 



<35> 



[*r*M 1] 



C'O) ef(l) - c£(l) 
c,'(2) C f(2) ...«*&) 

Cj '(L) -ci(L) 



<36> 



<37> 



<H<4 ^-o] Al^-^V ^-s. Jf-Jr^ OFDM ^ -EL oil HH^i ^^*\ , °>->"- -*' 7 } 



n#*H ^ ^l^HH i*i*fl5. ^a]^ OFDM ^Jll 431- D " (/) -£r ^>7l <^«H 2>Sf 



<38> 



i^n^ 2i 



58-11 



1020030025146 #^ <|i* r : 2003/12/1 

<40> , y.W=t«>.WH.,(/)+n.(/) 

[^^-^ 3] 

41> °1 ^fl, D " (0 ^ n^i^fl ^^lM-S^e] OFDM ^]Jl<i "-CO^. 

j=l 7 ). ajjAfl 7 >-fA}o> ^-g-(AWGN) n O^lJl, CT ^(°H, CT »€- ^^^r; 1^ 

^^H* M-^)o] ^^g. ^cf. H - ( ' )= ^ (,) "'- (,) ""■^^ n ^ ^a] o> EflM .^w. Ei 

<42> [^^vai 4 ] H .-( / )=ra.-(')4 , f i -f'r"-(') 

<43> "•..(')= fc.C) *.'.(/) •■• a.'.OF 

S.^ ^fl^ofl ^ ^^-g-^-( Impulse Function)* h -~&<2\ ^ *\S, 

efl^^^l ^^^(Rayleigh fading)* ^Tr^ 7>^*Vcf. iEth F^r = e)ofl ^ 

<44> K=«pf-y^^U.u,^. a =,.2...,, 

^54- o]cj]^ol^ , I ^' I < ^V^tVcf. 
<46> o]<4 z>o_ ^ o.^ fl^*!, *fl^<2} 3\)o]r$o) *J- OFDM ^-2. ^=o|) tfl*fl <U^^ ^ 

-f , ^ ^fl ^^(quasi -static)*?} 3-^1^, *>7] <^*H 6>ol ^U^cf. 



58-12 



1^0030025146 



■3 2003/12/1 



<47> 



».Jl)=H„(2) H...(L)=H.. m 



<48> 



<49> 



7] 



<50> 



<51> 



t^HI 7>-§- *>7l <^«M 8> ^ <^*Vai 9> ^ ^-o} ^ 5Ut}. 



<52> 



<53> 



F 0 — 0 
0 F ■■• 0 

0 0 • F 



D,(l) D 2 (l) ... D„(l) - 
D,(2) 0,(2) - D w (2) 

D,(t) ■■■ D„(l). 



<54> 



^ ^-^^^(MIMO) OFDM ol^-f-^li^ ^^151^ 



<55> 



^7], 3~7}x) ^ (Initial Estimation StepHH^ OFDM ^^^1 ^ 



2:71 SHI Sj«H Hl-^o] ^71^1, ^ i7] Al^i ^*K S °)« 

T 1 ^ 1 ^. #7l di^S] i7|^ MMSECMinimum Mean Square Error) 5E^b Deterministic 

ML ^-g-^- ^ 



<56> 



cf^-^-S., 7lcfl& ^(Expectation StepHHtir *}7) <^*H 10>2f ^ 7>^:£th 



(likelihood function)-!- ^tr^f. 



58-13 



1020030025146 #^ 2003/12/1 

<5?> io] L ^' )= U^-^'-HtP*^ o'U'-L} 

^^-fr^C ''"H cfltb 3^1^- 7lcfl^o]^ ( §>7l <^«H ll>-nj- ^-ol S^^cf. 

[^*V^1 U ] P:=£k|y..S']=K'„F"(D'ry. 



<59> 



<60> 



<61> 



<62> 



12] *-(- J * +F 'M rw r 



<63> 



°fl^ *ti^3-g-^ cfltb 2#^- 7H&ol^ ; ^>7l <^§VA1 1 3> ^ ^-O] 

[^*v<m i3j x'. = £[ h - h "|y.. 5 ']= CT . ,K, - + i j '.t''.r 
<64> ^^s)- ^^(Maximazation StepHH^ <^*H 14>°fl £]£}<*| i+l*l*ll 

Aj^i ^ ^71 Aj^i ^3*1* 

<65> / , v 

[^*VA1 14] ' ^' 

<66> #7] ^7] Al^^ *H3£r A]^^ ^^l7f <^ *V 

58-14 



Ml 

( 1020030025146 #^ °J7>: 2003/12/1 

2) ft 0 ) ^ A l€^ ^3*13. ^$3., #7] Al^i ^§*H tfl*H <>1^ STBC 

41^1 sin n<=>]^ ^t^i 

<67> #^ ^Efl^l EM 7ltiVS] aV4^ ^ « 0 V^-g- ol-g-^ cfoicft^ OFDM ol-g-f-AUl 

^ ^aJ^H Aljr ^!*Hr ^-f^l 54°^ , l-^ (const ant envelop) 

^ PSKCPhase Shift Keying) A}-g-SVfe- ^-f °fl^- #7l <^«H 12><*M *fl^3-§- 

^ ^«81 vfl^-ofl (&f*7> ^ofl £ 1;^-^ ^^tb «3t* # 

Tfl Tll^H, ^71 ^^#^-§-^1 tfl*V 2^ 7l«(^")-g- ^Krt-ll o] 

<68> Zl&IM-, ^^Hr Jl^t£7> ^ QAM €St A>-g-^ ^4"°ll^ ^"71 <^*M 11>*\}*\2] 

^n^#^-§-^ ^sj- sc^")^ ^-¥-<hi ^ fr 7> i^ *n Ai^i ^3*13 ^s-^ 

olJE.5., #71 ^>7l Al^i ^3*1* ^ nflp>tq- #71 ^Rr 4^^- ^r4*>^°> ft 

A. °W ^ SH*!, ^71 <*«^ ^*Rr 4^* ^*fl Al^EA #oflAi ^*H=- % 

o. A]^efl^ l-ol-^^Tll aU-^ofl ^JaJ o. S «. 7> ^ >cf 

<69> ttfe^ , QAM A>-g-S>Tr i^*fl A^i ^J*H ^ 

<71> £ 3^- ^ t^S] l^AHHl MIM0 ^I^^^W^S}- ^Aj Aj^Efl^ ^A| 

£ 31- % V S*1-^, ^^l9i^m(301, 302, 303 HI ^Al^ Ajjr^. FFT^^r 

7K320HH FFT ^^M^. °1 #7l FFT<£#^ aIJl^- (330H1 ^SH, #7l ^ 
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^5}-7l(330)^ ^l^ULofl cfltb ^fl-^^-i: ^W". zi5]jl s}-^ ^ ^7l*l 

(320)^^ -#7] FFT <£*V^ ^l^S^-Ei zj-zj-sl OFDM ^i-M 4^ ^ftr^Sr* °l-g- 

tr ^7l^l o^>o} ^-tri=r. ^JL, ^7} ^fl-s|-7l(330) ^ ^4 

^ ^7]^1 ^«-(320)S] a^a, ^ 7 1(340)<H1 <^£M, aJ- 7 1 A]^i ^ 

7l(340)fe ^1^^ A|Jr ^^*>4. ^"71 ^ 

71(340)5.^ #§m ^^1^ Al^-^Ms7l(STBC 4^71) (350)^1 <^£M, 

-*7l STBC 4^7) (350)^ Aj^i STBC 41^1 ^ >« 

^71 £ 3<>lH^r ^fl-5}-7l(330)^ Al^i ^71(340)^ STBC 4JL71 (350)1- ^ t 

£S] ^Aj*}- ^ o. # 5La1s}o|olK jgfl. ^-71(330)^ Aj^i ^71(340)^ STBC 4 S 

71(350)^ *>H-^ *r£. Sa4. 

<72> £. 4^ l^Aj^oH n^ej. cf^tf#^ OFDM a^eao] ^Ai^oflA^ QAM ^^=1 

a]^ ^3}^ £Al*l £^o]cf. 

<73> £ 41- *d*1, 410^7^1^ ^71^1 ^ ^(Initial Estimation Step)^. 

<74> 410^H1a] , 4°^^ ^# ^ S7l*l ^«-(320)^ ^r^l^^l ^4^1 OFDM ^JL 

5|-<a^ -^^5)-* o)^ 3-7}&<*] 2\*}ol *V^2) ^7}x), & ^7l A] ^ 

M^K*)* ^tr^K ^7] di^S] 2:71^ MMSECMinimum Mean Square Error) <f^*] 

Deterministic ML ^-g-^" ^ 

<75> t]~g-o} 420#7fl vfl^l 470^-Tjl^ 7lcflgh ^(Expectation Step)^. 

<76> 4203r?JH>H, ^Tr3-7l(330)*r ^71 ^Ai^ofl ^Ajsj Ai^oflAl s>7] <^«H1 15> ^ ^-o] 
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<77> is] ^= c '«: + ": 

<78> o] nfl > o>5fl^^> m £- m tH*fl ^Ajo_V3lu|.<y ^ ^tfljl, Ctt °J ^ ^ a]^ -^-Ij-^JE. ^1 

°H , sfl^afl cfl^ -sj-^-g-^-olji, n ^ «-7> 7}^a] o> ^-^-(AWGN)-i- M-B^t}. 

79> 430^ofl>H, ^5*71(330)^ p# *fl -^^sj-^l tfl*H ^#^1 ^^IJU^Hl cfl*} 

^ *1**> -f-SL = ^HL^^- ol-g-^ *} 7 | <^*H 16>4 ^ ^^l^lS^ 



<80> 



:=[^rc'J-'(c<,ry: 

= H'+w? 



<81> 



16] 



<82> w ; =4 7 (c;rn: 

<83> Cf^S. 4403" ^fl" 51- 71(330)^ ^o V 7] Zj- ^-tij-^ixj-ofl t^ct) ^-Sfl^l ^AjAJJrO] 



18] 
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<86> 



i9] 



<87> 



^(Variance Scaling Factor)^ f>}7] <^r*H 20>^ SLQ&ty. 



<88> 



[^r«M 20] 



1 >* 



<89> 



^7} <^*V^ 20><^H C " C0 ^ M^ll ^ ^5. C^l ^^JI, P^r C"C=p/o} 

^-f* M-^W. 3.7} Si^ P)^r ^>7l <S. l>°fl ^el^ £t}. 



oo> [£. 1] 



TBT 



16-OAM 



64-QAM 



Rate 1 (N=2) 



0.5 



0.659 



0.700 



Rate 3/4 (N=3, 4) 



0.333 



0.389 



0.398 



Rate 1/2 (N=3, 4) 



0.125 



0.139 



0.141 



<91> 



450^7))^ , ^^71(330)^ ^fl^^-§-^ ^^( jR ».-)oj 



<92> 



<93> 



<94> 



°1 R£- ^f^*^ ^-^L> OFDM ^JL°11 ^l-i- M-^^cf. 

^ **4HI3 0 l5.3., i^^fl Al€^*fl =fl*M ^^«fl sfl^ ^^(covarianceW 
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*B^1 ^ *v A^n^ i+uM Ai^^cfl tfl*Hs. AV-g-^- ^ &7fl «tf. nl-eH, -*7l i «1 

^>7l i+1 «i ^ A]^ ^*>^ ^*cHH CfAl Ol-g-^- ^ flt).. o]^ ^ ijj-ig 

<95> 460#7iHH, *l€i ^^71(340)^ #7] <^*H1 H>°ll^fi1 ^^^^-§-^1 tfl* S£ 

^ 7lrfl^(^-)3)- <^Ai 13><>lH^ *fl^3.g-^ ^g-g-Aj ^ofl cfl*l 

7lcfl^(xL)^. z]-z}- s>7l <^A] 22> ^ <^«M 23>4 ^-ol ^-t!:^. 

<96> u' —K V, 

[^«j-Ai 22] M "-- K " F 
<97> [^Aj 23] *»" a *»+<MJ' 

<98> o] 470#7fl ^71(340)^- *>7l <^«H 24>«ll 4^ *V 

ofl>H 7>^£)^ 7>^£ ^(likelihood function)!- 



<99> 



#)=itW(y:rc,A'.fJ-^l:ztk,L[r,i^i] 

[^■gl-Xj 24] "»"-' <• 2 -• " ,M > 



<ioi> HZ)JL, 480^} ifl*l 495^-7^1^ ^TjKMaximazation Step)<H| Sfl^W. 
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<102> 480^31 ^^71(340)^ ^7} <^«H 24>s] 7>^-£ *Hr# °l-§-*H z>}7] 

<^r«M 25>2\- £o) i+l»l*i) ^3*1, ^ ^>7l a]^ 



<103> 



s = argmax 



4ls') 



25] 

<104> 490#tHH, a]^ ^^71(340)^ <#7) %\7) a]^ ^*]7\ &°-3- ^*Rr 

*1 ^-¥-1- ^, ^^lfe 495^^11- ZLEii4, ^*>*1 ^ 3^1^ 

460^ ^fl*] ^7] 490^* 
<105> 495#tHH, a^ 71(340) - ^o. s Aj^i ^^l* 3#*> 

J7^> aJJ:^ j^a]^ ^x}3. ^tH}. ^7} aj^ Al^i ^3*H tfl*}<^ 

STBS 4^7l(350)<Hl^ STBC ^1°!^ 
<106> £ 5 ^ 2 7fl^ ^a] oHflufsq- i7flo] ^ olEflufofl cfl*V Rat e 10] a)^ ^-J=- a.^s. o| 

^ 1^*1 BER -EAltV £^olcf(i 6 -QAM, f * T * 

=0.005). 

<i07> 6 ^ 371]^ oVEflM-s}- I7fl5l ^ ^V^m^l tfltb Rate 3/4°! ^ ^-S* 

°l-§-^- -g- l^^l *)] 1^*HH tq-s. BER A^^g- £a]*1- £^o] cf (i 6 -QAM, r * 

=0.005). 

<ios> £ 70. 47fl o] ^Ai c>Efluf^ I7fl^ ^AJ oHfluHj tfl^ Rate 3/4^1 a]^-# m «lf 

3^°fl ^- ^3 l^Al^oil rtj--E- BER ^-fr 5^11* S.^] ^(16-QAM, ■ / "" 7 "* 
=0.005). 
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<i09> £ 5<2]. | ^ 64, -£ 7*\}*\, ^fpEi Al-i^o)^ IEEE 802.11a4 Physical layer 

standard^ 44 ^4$!4. °1 ^ , ^4 ^1 <=>1 ^ *fl^4 power delay profiled 4 

-§-4 4 4# ^sLSr ^^91 4<^4 314^ 3^4ji 7}^45S4. 

<111> SE*!, *UHH x^E\ ^7)S\- 4^4 13} 4 yV44^# 45S4. i 5 

4, S. 64, JE 7<>114 3E44 44 £o} ^. ^-^o^ ^Al^oi] ^s. EM 7 ] ay o} 
(Proposed Method)^ BER -^(510, 610, 710)^ 7)^S\ MMSE BER ^(520, 620, 720) 

4 H4 ^HJ-^-g- <y- h j^l 4>g sl^ofl 4tbl- ^4 444 

EM ^4 y o Vl 3 (Optimal EM Method)4 BER ^¥(530, 630, 730)4 44 4°14 44 4<?1 
^ =T &4- 4, ^4 -^HH tt}-5}- #4 o. m o)^B\ JfLofl^ 

BER t^SMI 44. °144 540, 640, 7404 ^-£r JE.^ ^4 *r 

^1^4 4 oj-j; ^cfji 7>^tt 4^ < ?1 ^-t-( Ideal Channel Information: °]*\ 'ICI'4 

3^)4 BER^* 444:2. o^cf. 

<H2> £ 8^ 27fl4 ^a] o>Efli44 i 7 fl4 ^a] o>444 tfl*V Rate 14 4^4 411 °1 

-g-4 ^1 l4^HH 4-E MSE 4^-§- E^14 £^44. 

<H3> ^ g_g_ , 7)^9] MMSE 4-§~4^ ^-f (810, 840)4 4 1^44 

4 4^ ^(820, 850)4, >£4 4^4^4 4^"i: ^r4 444 EM ^§ w o^ (Optimal 

EM Method)^ 4-§-4tt ^(830, 860)4 &44, SNR(Signal to Noise Ratio: 44 'SNR'°14 

3^r)4 10dB<?l ^-f ^5"^^^- (Mean Squared Error: ol*|- 'MSE'4 ^#)# 44\H4. 4 
nfl, 7}^£r ^-^4(subcarrier) ^Jl, ^ilSf^ MSE4 3.4» -£44^4. SE*V, i 8^ 2 
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7fl£] <£i\MQ 16QAM, Rate=l<y STBC» ^>-g-^ ^-fl- H^^cf. %v S hJj : 810> 820, 

8302} ^H-e-o. BT=0.005<?1 ^ -f°H , 840, 850, 86021 -^s-o. BT=0.02«?1 

^-fojcf. £ 8 <^1 :ea1£ tiffi}- ^-o] *j| i^A]^ofl ofsl- ii£°l ti_V42l-^( iteration) 

^ ^sJ^HS 71^^ MMSE^^H alsfl MSE* ^ #2J ^ 5U4. 

<ii4> £ 9-g; 47fl <q ^ ^Hflq-sf i7fl2l ^ oVtfluHi tfl^ Rate 3/4^1 ^ ^# 

°l-§-^r ^-f°fl ^1 l^HH MSE £Altl S^^cf. 

<115> £ 91- %V 2 -^ig ) 7 ]^o) mmse aj-Ai-^ a>-§-^ ^^-(910, 940)2} I^a]^ 

^1 4^- ^-^(920, 950)2} aV4 s}^ Sl^l ^1 ^1 ^ 2} EM ^ ^ (Opt imal EM 
Method)* A]-g-5>^ ^^-(930, 960H SU^I.SNRol i0dB°] ^-f « 0 V_2.^-(Mean Squared 

Error: °}*\ ' MSE ' 5} ^)1- M-B}\H4. o) trfl , 7}^-gr SNR, ^lS^ z} ^-«>^4 
(subcarrier)l-^ MSE 2) ^*1 (Average MSE)S, ^>^cf. a*r, £ 9^ 27fl^ ^a] oVeIIu^ 
16QAM, Rate=3/4<tl STBC# ^>-g-*>^ ^-f # £^4. % 1 "S 1 £JE. 910, 920, 93021 ^!r-& 
BT=0.005<y 3-t-°H, 940, 950, 9602) BT=0.01<y £ 9^1 

*W ^-o] y^o] ^ 145} tiV^j^^nl-o. ^j^o^ smro] iodB >y-o] 

71^2) MMSE^l wl^fl MSE7> ^ o)*}^ #cH^cf. 

<116> £. 8 3]- t= 90)1^ U(-E}\+ H>S!]- go], t^^. ^1 l^AHU- A}-g-^-_OS. ^Sfl 71^21 « 0 > 

Aiofl til 31 <=>} 2~3dB^£2l SNR olH ^ o)f -g-^fl ^a] 30%~50% ^ 

^2J^_V BER* ^ ^ -g^^r A}-g-^ ^-f ^( ce ll)2l 

«i^* ^ 2*4. £ ^ V ^2l ^1 1^AH1§ Al-g-f-o.5. o]*fl ufl Hi^-2l-^n}q. ^ 

^^•21 7 fl^n}-3.^ ^( row )2} ^(column)* 7f^l^ ^^2] ^^^* T^x) Qe}5. S\IL3, -§- 
ol ^1-711 Al^^flo] ^fL^ol 7}^^1-Cf. 
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<117> <*fl 2^*H> 

<ii8> -g- *fl 2^H]^ ^-7) s. 3°] ^ i4 €- MIMO ^^sK^-il-tf-f 

^ ^ai Al^EfloflA^ ^ai o]-Eflq-(301, 302, .... 303) # ^a] oHfluH- 

°1 ofl, *fl 2^*H : & av 7 ] EM 7 ia]-o^ ti>^.^ ^^«o v ^# 0 l-§-SV°3 a] a1^a-# ^ 

3*Kr SI*]*), ^I^IJl^ ^^HeI ol-g-^-o.^ nfl «J:^M4 

<119> ^. ^^Ol ^ 2^Al^ll- ^M)S] ^^S]-7l *H OFDM Ol^^-A] Al^EflO^ ^Aio>^i 

QAM <£^sH ^l^oll tfl^H EM 7l«}:^ «V^-^ ^wj-^ °1 -g-sH aj^o} X\ 

<120> OFDM ^l^H, CllolEi Al^-S. Z|Z|ol Aj^^ tLtiJ-^^ol 7 fl^^- 

N, ^ISj C-Ho]E^l Aj^-ol 711-^ ^=2^+1^ ^ ( ^a] dlolE^ Al-g. «fl E ^ ^ <^*}-a1 
26>4 ^-ol S^tJ-. 
<121> [^^-ai 26] -W-».X -A-tUoUi). ^(vjr 

<i22> 01 nfl, Aj-7i w-a>^4 ^ i^B^sl 7H>7}e)o11 ^^1*!- N-P7H^ -^^l^ 

<Hl^Sl^Aj (aliasing) ol «|HS*Rr 7 A-%: u o V ^l^>7l A>-g-5lxl S^t}. 

<123> OFDM ^MH o}<% ^-ol c-flolE^]- ^5]^ ^-f^l, ^sHr -id ^3 *)H ^ ^fl^# 

^Aj^oil ^r^l^^ ^l^(y)^ *M <^^-ai 27>-4 £o] 

<124> [^sVAi 27] y = SFh + n 
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<125> o) S ^ ti\o]^ ^^t^M, s=**M-NA-A-Mom-AN.)] o]vJ{ . h ^ ^ 

^o] ^-g-^c^, b=[M.XM2V-.^)r.o] 31> [• ] r £ a]Ei^^^^o^A>( vector transpose)^ cf. 

^, Itt ti:^^€ 0 lcf. ^ e) oil 3)1i 0 H, *}7l 28>-4 £o) 5.3^1}. 

<126> 

[*r*Hl 28] 

1 7 " °1 n fl, o>2fi ^7} n£: ^^n}, In I ^ ^lJl, Al^> ol^o-|o} t i< k 

<L(L^ *fl^ ^)olcf. 

H£U, *fl\3S] -g-^(H)^ H -W"^ •"•"< *"W('V".^.)r o1 ^ ^ >7] <^a1 29>S! |. 

<129> u 

29] 

<iso> ^.o. OFDM t^I^M ^s]^ ^l^il- EM 7)*}B\ 

<m> oi^ f ^71^1 ^ ^(Initial Estimation StepHl*^ OFDM sj- 

<^ Ol-g-^ ^7lM tiV^^ ^7l^l, ^ 3:7] * 0 ) 

» ^tr 1 }. ^ V 7l ^7l^ Deterministic ML SE^ MMSECMinimum Mean Square 

Error) ^-§-^ ^ 

<i32> t}-§-.o_3., 7ltfl# ^Tfl (Expectation StepHH^r S>7l <^«H 30>4 ^ 7>^£f-^ 

(likelihood function)-!- ^tr^f. 
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<133> 



30] 



<134> 



^ ^^-^(nHl tfl^ 7W&o]v\ f <^*H 31>3|- K^^. 



<135> 



31] 



=[ B ,;(iXm|( 2 )t...,™|Wr=4'|y.' , ]=R' F ^7y 



<136> 



A oM <^r«M 31><M, ( ' *M>M ^(Hermit i an) SUl^iM j1, E[- s%^&(7] 



<137> 



32] "•-tw^M' 



<138> 



<139> 



33] 



«J(U) m' 2 (l,2) ••• m%L) 
m;(2,l) mj(2,2) • •mjfei) 

/^(i,!) m ;(/.,2) •m5(i,t). 



<i40> ^3 5}- #7fl (Maximization StepH^^ *>7l <*r^-4j 34>°fl 



<141> 



34] 



s'*' = argmax@(s[s') 
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<142> aJ- 7 | a]^ -^A]* #7] M^l7> "a^tb ^§ 

nfl^l H>^-^rf. ojsq. ^ ^l-ofl o^>a} a]^ ^*l7> #7) ^Ja] 

<143> ^sfis] EM 7ltiV^ tiV^-ai ^ w 0 V^-g- ol-g.*}oJ OFDM ol^-f^A]^ <q ^O^ofl 

*\ ^14 Al^i^- ^*Hr ^-fofl oio|^ f ^ (constant envelop) ^-g- ^ 

PSKCPhase Shift Keying) <^«H 32><M ^ ^^-g-^-^ 

3t^&( C*')*-»'7> i^J ^H^lJSL $tt5L #7\] 

<144> ZLSiM-, ^sHr JL^:£7> fe^ QAM A}-g-*>^ ^-fofl^ <^*H 32><HH°] 

-§-#3 ^a-^- sk 7 *')^ *^*g tflj^ofl (^')^' 7 > i«i *a Ai^i ^3*12) 

tT°lHS, ^-71 ^>7l A)^ ^ nflp>cf 4^^- *};4*H 0 > 

A]^EA# #<?M|S>7fl ^>-i-7l nfl^-ofl o. S ^-7>^^cf. 

<W5> , QAM ^21 *>-8-*>fe ^-foflS. i«]*l) a)^ 3J-*V <**g 
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<147> £ 10-^ ^ 2^AHH 14= ^H^BK^^B 1 ^- ^A] Aj^Efl o. ^ 

oicf. £ loi- #s*>^, ^^1 aj^ ^/^H ^7l(ioioHH ^aj;^ 

^ ^, FFP£;&7K1020HH FFT o] jf t aJ- 7 1 FFT'S^M aJJt^ *i/^l ^^7] 

(1030H °^£H ^^tf. ^/^l ^^71(1030)21 ^^71(1040) 

ofl SJ^sM, -*7l ^^71(1040)^ ^^IJl^l ^fl-^-it-a- ^HW. 3.?)JL 4°^ ^# ^ 
3^1*1 ^-^(1050)^^ ^-71 FFT -tiJL^-El OFDM aj^oJ) JE^el ^> 

4^83 2:71 filsfl 2:71 A] OLS]JL, ^7} %^7] 

(1040) 5? 3# ^ ^71^1 ^^w-(1050)2| #^^r *1€^ ^71(1060)^11 ^^5)^, # 

71 ^7l(1060)fe ^ Aj- 

71 Al^^ ^7l(1060)S^-B| #51*1 Al^^ M*l*r 4^71(1070)^1 ^) 

4^71(1070)^ ^ Al^^ ^§*H tfl^H ^S^-S *H CflolE] A]^ AjAj^cf. ^-7] £ 
lOoflAi^ ^S^K 1040)2} Al^^ 71 (1060)21- 4^71(1070)1" tH^l ^-^lS.A-1 -p-A^ 

*V ^^-1- iAl*>o|o. u } > ^fl-J^K 1040)2}- Al^^ ^71(1060)21- 4^71(1070)^ f>\^2\ # 

<148> £ HO. ^ .fj-xgo} ^ 2 AJAHH 451- OFDM Al^Uflo) ^ oJ- E fl ufofl ^ 

QAM ^S^H aJJl2] Al^^l- ^^Rr ^ -fr £Al*V i^oiq-. 

<i49> 2. hi- %^f>\^ y 11103:31 if- 2:71*1 ^ ^(Initial Estimation Step)^. 

<150> 1110^71H1A4 ( sJ-Oj^J ^ :£ 71*1^-^(1050)^ ^Aj^ofl ^A]^ Z^o} QFDM ^ # 

JE.#€ ^21 27lM 2|*H ti J:42l 2:71*1, ^ 2:71 A^^ 

^M*l( ■ S °)» ^tr^f. ^-71 di^2l 2:71^ Deterministic ML ^*1 SE^ MMSE(Minimum 
Mean Square Error) ^3*1* 3-§-lh &cf. 
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<isi> cf^-o^ mo^- Tjl xfl^l 1150^:711^ 7lcfl^r ^(Expectation StepH4. 

<152> 1120^^1^1^, ^fl-s)-7l(1040)^ i#*fl A]^i •*')« ol-g-^ §> 7 l <^«^ 

35>^ ^ ^^1 Aijro] ^fl-^-^C^')^- 

<153> 35] 

<154> ' t -l 

°1 1, « = 0) »o] ^cf. 5c^. M _ ary QAM Aij-ofl tfls>o} n'^r ^>7l <^«H 36>^ £ 
£ sfl^ «H 7>^Ai«y: #^0.3. 7>^tb^-. 



<155> , « _> 

[^^H4 36] " kl 



<156> #7l <^«H 36>^l7.i M-ary QAM <HM ^ ^lr, CT #-§-^# M-E^tf. 

5E?V ^ H.71 ^^rST-i PSK^ P=l, 16-QAM ^ ^-f P=1.998, 64-QAM ^ ^ 

-fofl^ 3=2.6854^}- 

<157> mo^HH, ^§^51-71(1040)^ *fl«3-8-#£] ^^( jRa )oi nfi, 

*>7l <^«H 37>^ ^ ^^-g-^o] ^w.a> jgfl-a^st-a- ^th}. 

<158> [-^ 371 W-kW*r-Fr 

<i59> ^-71 <^n*\ 37>9] zm^^e] ^-g-^ i «i ^ *i€^ 

^ S^*l &7fl ^cf. ££tt, F ^ o]XY ifzJ\d\] ^aV^^oIji, °- 

^-^tg^o]o S> iHj^ Al^^ofl cfl^ ^^gfl ^o.^ ^^-AV( CO variance)^l 

^ 3l#*iH i+i«l*fl Al^^ofl cflsHS. A>-§-^- ^ oiTfl ^cf. nJ-eH. i w] 
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*>7l i+l «i ^ Al^i ^*Rr 43 <M 4*1 ^l-g-^" ^ °14 ^ °-5L 

tJE^ ^^^^r ^>7l a]^ 4^*1» ^ *r 2^1 €4. 

<ieo> 1140^:^1^1^, a]^ ^^71(1060)^ #71 <^*}-^ 31>^1a^ ^^^^-g-rf-ofl tfl^- 2: 

SK™*)* 44 *V4 <^*H 38> ^ <^«H 39>4 ^4. 

<161> J^^VAl 38] ■ni=[m 1 '(l).m;(2X--. n .:(L)r=£[h|y.s'l=(R-yF»y 



<162> 

mJ(U) mj('. 2 ) — m',{l,L) 
mfal) m;(2,2) ■ mi(2,i) 

m;(Z.,l) mj(i^) •m;(/.,i) 



= £[hh"|y. S ]= < r;(R'y + n.;( m ;T 



39] 

<163> o] * ; H50^7^HlAi ^71(1060)^ ^>7l <^^-ai 40> ofl rc)-e} Jf-^ 4#£-3. 

^HH 7]-^£l^ 7>^£ *Hr( likelihood function)* ^4. 



<164> 



e(s|s-)= £ fR{/(*M*)t[fL".:(')l-^k.rzZ(''LM-»i('.'»)) 



<i65> nelJi, 1160^:7]1 xJfl^l 1180^-^1^ 2134 ^(Maximization StepHl *ti#t!;4. 

<166> HSO^TlHH, Al^^ ^^71(1060)^ ^7l <^§M 40>^1 7}^S. °}-&*\<^ 6:>7l 

<^*H 41>4 ^°1 i+l»i^l A]^^ ^*1, ^ ^>7l A]^i ^tbCf. 

<167> . 
41 ] 

<168> H7QC1- TjHH, Al^^ ^^7l(1060)fe- ^"71 ^>7l ^3 *1 7> <|J^ ^4 

^^°\}^r 1180^:7111- ^l^tVcf. ZL^i4, Qg; ^-£-ofl 

^ ^-71 114043 vfl4 ^7l 117043 -§: t^W. 
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s>ZL7> Als^ ^tr4. ^"71 Al^i ^|;*H tflsH^ olJjL 

^■Jl7)(1070)oflAi 4J:^.£|ol cllo)El Al^-oj ^#^Cf. 

<170> 5L 12tt 16-QAM^l ^^-ofl £ ^<2] z\) 2-*J*H 6 fl ccf-s. ^1*1 Jr. ^# wJ-^Sl BER ^¥ 

<171> £ 13^- 64-QAM^ 2*J *HH a}--g. BER ^ 

<172> 51 12 ^ 51 13* ^-3:^, ^ffEl Aj-^jol^ IEEE 802. lla^ Physical layer 

standard^ ir^r ^^r^. °1 , ^r*Hr -id ^3 ^IH^ *fl^3 power delay profiled 4 
*r 4# ^S.^ 31^3*1 %^3L 7>^^cf. 

<173> 

<174> 2L*V, ^Aloflofl rtfs} ^7l5h 4^ is] aV^^^- 7^5141=- ^>^r4. £ 

12 % £1 13<HH Uj-Sr £ ^Alofl^] iq-ej. 2:713}- ^ ^ lsj ^ a_V^- ^ 

* 7^^^ EM 7la>5l «V4^ ^wj-^ (Proposed Method)^ BER ^(1210, 1310) 7l^S] 
MMSE «o v ^^ BER ^(1220, 1320)^1 «l*fl 3.7]} *8=#^-g- ^ 5E*V, 43 

^ltr-i: EM M ^ (Opt imal EM Method)^] BER ^(1230, 1330)4 

*r^, IS? ti]-^- ^ofl^ BER ^^o] ^*}7fl ^4. oj<qofl ^tHjr 124 o, 13402} 

■& 5L€- 4||^<2] ^ o. ^Al^oflA^ 3^ oj-ji oicfji 7H3tr °1#3<?] ^-fCICDfi] BER^ 
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<i?5> s. 14^ -g- ^ 2^a|^o) aVM-^ofl 4= MSE 7fl^ £*ltr £"S°14. 

<176> £ Ml- 7 )^g\ MMSE U 0 V ^* ^V-o^r^r ^^(1410)^ £ ^ 2^HH 

4€- ^-f (1420, 1430, 1440)4, «>4 4^ *fltb|- ^ ^34 EM ^ y o V ^ 

(Optimal EM Method)* A>-g-^ ^4-(1450Hl 3X°}*\ , SNR(Signal to Noise Ratio: 
'SNR ,0 14 W)°l lOdB^l ^5-^«o v -2-^-(Mean Squared Error: o]^> ' MSE ' Q M"4 

h£4. °1 ^, ^*]:^4(subcarrier) «IJL, ^lS^-g: MSE4 3711- t^^^cf . £ 14 

oil 44 ^ *Mg4 *11 2^aH]oH ^ tf>^4^( iteration)^* ^S^S. 

71^4 MMSE« o v 4(1410Hl *]n MSE-I- 4 ?i*}SLS- #^ <r &4. ^HH 44 2«i 

av^^oil cfltb ^Hd(1420)4 3^4 ^4 4^011 zJi\% ^-^(1430)^- £ 14°11 ^44*1 44 
4^ &4. 

<i77> 5. 15^, ^4 2^H14 ^V^^cHl 4-E- ^5 MSE 7m ^-t- 5L4tr 

4. 

<178> £ 151- %^sr>^, 4^4 MMSE U 0 V 4* 4 -§-4^ ^-f (1510)4 1^4 2*5 *HH 

4€- ^(1520, 1530, 1540)5+ 4-^r 4^ 4^M1 *fltr# ^4 434 EM 

(Optimal EM Method)* 4-§-4^r ^-t-(1550H1 &44.SNR4 lOdB^ H o v -2.^-(Mean 
Squared Error: 44 ' MSE ' 4 ^^-)# 44\E4. o] nfl ( 7}^-^ SNR, ^5.^8: 4 ^^4 
(subcarrier)#^ MSE4 ^4 (Average MSE)5_, 42! 4. £ 15^1 £4€ 44 ^4 
^4°lH 44 1^4 "3144^^ ^44-£ SNR4 lOdB ^-t-°11 7^4 MMSE^ll 4*fl 

^-3- MSE7V ^aV 44^ #4 #4, SNRo ] 20dB7> 4tt ^-f 4^ 4^°fl ^ltr* ^ 

4 &-8r 444 EM ^^«o v ^ (Optimal EM Method)4 MSEU550H1 44 e^tr4. ^4 
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uj-e} 2«i^ 0144^011 ^(1520)4 3«i^ ^j^ofl cfl*V ^(1530)-^ £ 

15*11 M-E^Jl ^cf. 

<i?9> £ u<4 s. 15°1H M-e}-^ w>sq- ^-ol, ^ ^ 2^H# *}-g-f-°-5. <y«fl 7l^^ wj- 

^Hl ^ 2~3dB^-£^ SNR ^ 5U^. -f-*U ^ #^-8: 30%~50% #<*| ^ 

^<!>HJE BER# <£-g- ^ &J1^, ^ #3^8: ^-g-^ ^-f ^( ce ll)^ 

7 j]^u>^ *S(row)4 <! (column)-g- 7>*1 ^ *3i|£l ^o> £ 32.3. -g- 

ol^>7ll AliEflo^ ^^ol 7>^>Cf. 



°.5*1 , ^ *m<LS-5. BER* ^ ^(cell)sl t>>^-g- 

5E^ QAM 3#* 31*11 ^eflsl MMSE y 0 v lH *fl\t ^ ^ 

°1 ^Rr 4^°1 -fi-^sq*! -8-<>l*>7fl a]^^ ^01 
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^-71 ^^ofl -Al^ ^-ffl^sH^Wf^ Al^ofl ^f^H^* 

<>l-8-^ 2:71 M S1*H 2,71 Al^i ^*Hr 4^4, 

A o V 7l ^Jro} 3}57^^- ol-g-^ ^>7l ^*HH1 $^5)±r A ^"4. 

^"71 2,71 Al^^ ^"71 ^fl^^ ^Aljr^ ^TfS|23t* ^-g-^ ^V7l A] ^ 

A c V 7l ^>7l Al^i ^*1«- ^SRr ^ 3 £4*H ^71 ^>7l ^1^^ ^^7> 

<&tt ^^3, ^ V 7l ^>7l ^3*1» Al^i M^lS £3*Hr 

43* Xtftf* f>\^ ^7] 

2,.- = + = Fh„„ + w..„ 
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^ 7}^5L ^ofl ^1^.5. ^"71 

4H=ii:H:rcxo]4izi:tuLir,l^i} 

^ofl tfl*V «- 7lifl^o.S.Ai k.L^kk.lK.»|i 0 lji i C ^ a]^-^- l^Hf J:^, ^e) 

« #3-§-# ^s.^ ^, Pfe C " C 1^J 34-* M-BHi. 

[3^8" 3] 

# if"^ ^-^^-S SRr 4>M « 0 >^. 

CT "^r m«i^ ^^l^EflM-^ ^£1^ ^J:°ti cfltt ^-g-^^, I^r ^^1, Pc ^ 37l S 
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4] 



#71 4 3%H1 #71 £# 371 2:^ £*Hr *>7l ^#°fl ^ «fl ^#^-g: ^3 

AS. *}^r #71 ^ . 



^7H, « JfjL « C^l P^r C"C=p/ol ^o. # 

5] 

#7l *|| 3*<H #71 371 2:^ >£^r *>7l loll o]sfl ^ ^ fi^O S 

*>^r #71 « 0 >^ . 

£# 371 2^ 

STBC I 16-QAM I 64-QAM ~ 

Rate 1 (N=2) 0.659 0.700 

Rate 3/4 (N=3, 4) 0.389 0.398 

Rate 1/2 (N=3, 4) 0.139 0.141 



*H 2%H1 #71 ^^^^-§-^1 Cfltb 2^^- 7lcfl^ ^71 ^«HH1 ^ 

*Hr #71 « 0 V^. 




[3^8" 6] 
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7] 

[^T 1 * 8] 

*V^lofl o|§ll ^ ^-71 

K M =(F»F +t rX'.r 

<^7H, Jflli^-g-^-S] ^«-aV ^ o] nfl, D ^ OFDM ^IJl^l 43 ^ 
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3^*Hr£-^#3* °l^-f-4l a^H^M gm%. ^g^U 

^71 2ljH^4-«-^-^ Ajjrofl sj.^ y-tiV^sJ-^. 

^g*l* ^ ^7l ^>7l A]^ ^SRr ^ 3 ^7l ^>7l A)^ 

s ^sH=r ai^^ ^7l-fr s}^ ^-71 

*..„ = H„ + w„, = Fh„ _ + w . 

10] 

<H1 ^s)xr 3-1- f^AS ^ ^-71 
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4T)-gg{«cferc^l-^t:J|;buLkaw} 

*ti\i ^sL2\ ^r, 3^* M-Bf^. 

HI 

# -If-^JLS. *Rr ^-71 

ail = /».'! 

12] 

A oM 11%H1 ^"71 ^ 371 2^ £^Hr ^^"Alofl ^*Kg- ^1 

SLS. S}^ av 71 
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0 j uMor 

*)7}*], c «C0o r x\^. 7x} j^sl j=LJr C o} o}^ C^C=piol ufEf^. 

13] 

-*7l ^| 11%H] 5U<H-M, -*7l ^ 371 ^>7l fiofl <s}*fl ^)0 S 

*>^r ^71 . 

3.7} ^ 



STBC 


16-OAM 


64-QAM 


Rate 1 (N=2) 


0.659 


0.700 


Rate 3/4 (N=3, 4) 


0.389 


0.398 


Rate 1/2 (N=3; 4) 


0.139 


0.141 



14] 

^-7) 

[^H- 15] 

Ajofl A o V 7 ] ^ 
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K„=(F»F + <T:R„:.r 

^7H, R£- ^^-g-^ o] ufl, D ^ OFDM ^JL°fl ^lr# M-Bj- 

17] 
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£fft <5>^r Aj-7l tij-^ . 

181 

7>^£ ^o\] ^3^r ^3-2.3. <5>^r Aj-71 

o^')= § £ {R*[j'-(*M*)t[^L™.'(/)]-Yk.l I t tt'LML.-iCr.-)} 

*8 ^3 ^^oll cfl*V 7lcfl^, L^r U^U]. 

19] 

*>^r <#7] • 
M -< k-l 

58-41 



120030025146 



<a*>: 2003/12/1 



<^7H, *m£. M-ary QAM <HM m«i ^ ^ 3.71 <£^, CT ^-§-^^ 

20] 

^1 19*8-41 #7l ^ 3.7) 2^ ig^r 16-QAM ^ ^-f P=1.998°J^r ^ 

f>\±r ^7) « C V^ . 

21] 

^"71 ^1 19*J-ofl oic^^ ; ^-71 §# a. 7] 2:^ 64-QAM <a ^^Itt P=2.6854°J-g- 

^ #71 

22] 

^3-2-3. #71 « 0 ^. 

<^7H, (• 5lnlAloV(Hermitian) ^*l<a#, R'tt ^^^^-§-^"^1 ^1^1 ^ 
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[3^*8- 23] 



mj(l,l) m;(l,2) ••• ' 
mK2,l) m;(2,2) -«4(2.£) 



= £[hh"|y.s]=<T.HR-y + ra ;(n,;y 



[3^8- 24] 

^«J-5H o)f% Mth^ Z}±r #7] « 0 >^. 



^7}*\, ^^-%r^^ M^u] 



25] 
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# ^*Kr ^A-Sj-7]<4, 

^71 2,71 A]^i ^^l^f Aj-71 ^AlAl^o^ ^^ft-g- ^-g-^H ^>7l A]^ 

^l7> <^*V ^S^, # 7 j ^7l Al^ Al^i M^lS 

*>Tf ^1€^ ^7l» ^JLS. <5}^r Aj-7] ^ 

y=(s')" l y = Fh + n' 

[3t^ 26] 

7>^i ^ofl ^-g- S^jO^ Aj-71 
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*}^r ^"71 . 

°}7H , M-ary QAM <^H m# *fl Pfe ^ 3.7) ^, CT 

[^^28] 

-8-71 *fl 27%H1 #7l -g->£ 371 3^ 16-QAM «J P=1.998<a* ^-^3 

sr>^ ^"7] . 

Ittty 29] 

A oM *ll 27%H] , ^"71 3.7] 64-QAM °4 P=2.6854^# 

f^J^ ^ ^"71 ^1. 
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30] 

^ ^£.3. 5fb #7l #*1. 

mi = \m',{l).«',(2\.: m ;(L)Y = c|h|y. »' ] = (R*/ F"y 



[^t 1 * 31] 

*H m^o. s ^ ^- 7 ] #z\ m 



mi(l,2) — mj(l.i) " 
m;(2,l) /«;(2,2) •mi(2,t) 



= £[hh"|y.sJ=^(R'y + ra ;(m;y 



32] 



*H 30*J- *« 31^1 &°H, #71 ^B^M^Sl ^^^1 ^>7l 



o^^fl ^ #7l 
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z m=H c c / c pJ l<v y«, 
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—440 
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SStf gig 
K M ,= (F H F + 0jFC)- 


-450 


^ 




jEH^S^SSSI ggou cue 
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3Js£ ©^(likelihood functon)! 
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— Proposed Method(BT-0.005) 
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MMSE(BT-O.OI) 

Proposed Method(BT=0.01) 
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xHgS^SS2| g^tt Si Oil CBS 53? 3|IM(m;)S ?g 
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